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The purpose of this investigation was to determine the magnitude of certain
fricative, blend and pause durations in speakers in different levels of the elderly
maturational process. Subjects were assigned by age to one of three groups: Group I
(18-25), Group II (65-75), and Group III (80+).
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The speech mechanism goes through many changes as a person proceeds through
life. The general pattern of aging is usually accompanied by a gradual maturing of most
body structures up until about seventeen years of age; with relatively little further
maturational change until about thirty years of age. There is a somewhat continuous
decrement in function beginning around age 30 and continuing throughout life (Ramig &
Ringel, 1983). The population composed of those 65 and older is expected to more than
double from 20 million in 1970 to 45 million in 2020 (Deming & Cutler, 1983; Schow,
Christensen, Hutchinson, & Nerbonne, 1978). The rising numbers of elderly people in
our population and their increased longevity make it increasingly important to understand
how the anatomical and physiological changes that occur with age influence the speech
characteristics of older adults (Benjamin, 1982).
Physiological Changes
Respiratory system
Many of the structures of the speech mechanism mirror overall body maturational
changes. Changes in speech characteristics due to aging have been reflected in the
respiratory system. The shape of the thorax is known to become concave with advanced
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age (Kahane, 1981), which reduces the overall volume ofthe thoracic cavity. The thorax:
becomes more rigid or stiff, conforming less easily to respiratory muscle forces. The ribs
become less mobile, costal cartilage ossifies, and muscles of the pleural membranes
stiffen and slide over each other less easily (Comroe, 1965; Kenney, 1989; Hoit & Hixon,
1987). Stiffening ofthorax and weakening muscles (Kahane, 1981; Honjo & Isshiki,
1980; Hoit & Hixon, 1987) contribute to the reduced efficiency of the respiratory system
(Kenney, 1989; Schow, Christensen, Hutchinson, & Nerbonne, 1978). The smaller,
stiffer lungs and thoracic unit must be manipulated by a musculature which is becoming
progressively weaker and less precise in its management of the airflow system upon
which speech is based. Speech rate slows down (Mysak & Hanley, 1959), and the
speaker may use shorter phrases (Duffy, 1995) and sentences to accommodate the decline
in overall function of the respiratory system. Older speakers also use longer pausal
durations than before.
Phonatory System
The valving system whichenabl,es phonational vibration and manipulation to
happen must also endure the consequences of the aging process. The thyroid and cricoid
cartilages begin to ossify, and the arytenoid cartilages partially ossify (Kahane, 1981;
Pressman & Kelemen, 1955). The laryngeal muscles undergo degeneration and atrophy,
while incomplete glottal closure and vocal cord edema are also reported (Honjo &
Isshiki, 1980). An increase in the mass of the vocal folds may also appear (Honjo &
Isshiki, 1980).
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Many laryngeal muscles are affected by the aging process to varying degrees, but
the posterior cricoarytenoid muscles show a pmnounced deterioration. Moderate effects
are found in the cricothyroid muscles, with lesser amounts found in the adductor muscles
(Bach, Lederer, & Dinoh, 1941). Other researchers have found atrophy in all laryngeal
muscles. Reduction of the number of muscle fibers and a breakdown ofelasticity are
known to occur in the vocal folds as well. Drying out of the mucous membranes affects
the texture and surface of the vocal folds, which can lead to noise in the glottal spectrum
(Kahane, 1981).
Thus, perched on top of the entryway to the lungs and thoracic unit is a highly
variable and adjustable valve which is stiffer and harder to manipulate; slower to move;
and is weaker in its movements than it once was. The speaker takes longer to achieve a
constricted airstream for phonating; has less glottal resistance when the folds are closed;
and takes more time to make less precise vocal fold adjustments than ever before.
Consequently, vocal intensity, speaking fundamental frequency (SFF), voice onset time
(VOT), phoneme duration, and intra-oral air pressure all change as the aging process
continues (Morris & Brown, 1994).
Articulatory System
The articulatory system is also known to be affected with the advancement of age.
The articulatory muscles begin to atrophy. The oral cavity experiences a loss of moisture
(xerostomia), causing tongue mo-vement across the palate to be difficult and sluggish
(Kahane, ]981). There are changes in dentition as well. The aging adult may have a loss
of dentition which mayor may not have be,en replaced with dentures. Weakening and
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atrophy of the pharyngeal musculature can also alt.er resonation, while reduced elasticity
oftne pharyngeal walls win cause more energy absorption (Kahane, 1981). Changes in
size of the oral cavity due to resorption ofalveolar bone and retrusion of the mandible
may change oral resonance as well (Kahane, 1981).
The neuromuscular mechanisms required for articulatory control of the tongue are
susceptible to age-related changes as are those controlling tongue movements for
swaUowing or mastication (Kahane, 1981). Changes in the sensory portion of the
trigeminal nerve (Truex, 1940) point to the possibility that there may be reduced sensory
feedback from these regions (Mysak, 1959; Ryan & Burk, 1974) which may decrease the
precision of articulation as one ages (Kahane, 1981). Kahane (1981) indicates that a
momentary loss of velar control may result from neuromotor timing deficits that cause
the velum to elevate sluggishly foHowing pauses., junctures, or word boundaries. The
slower, less precise articulatory system has increased difficulty maintaining the temporal
and prosodic characteristics it once possessed. The delay in the articulatory system
causes lengthy segment durations and pauses.
Auditory System
The older adult population constitutes the largest group of people who experience
hearing loss, and the number is continually growing (Shadden & Toner, 1997). By age
60, pure tone thresholds are elevated across the frequency range from 250 to 8000 Hz
(Shadden & Toner, 1997), but adults may experience hearing loss well before the age of
65 (Schow & Nerbonne, 1996). The physical structure of the outer ear undergoes subtle
changes; Eor instance, the skin becomes less resihent and the pinna increases in size
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(Maurer & Rupp, 1990). The changes in the size of the pinna may have an effect on
sound transmission. The middle ear undergoes changes as well. Reduced elasticity,
atrophy of muscle tissue, and ossification and fixation of the middle ear bones have been
found (Goodhill, 1969). A gradual loss of ganglion cells and nerve fibers in the basal
ganglia may also result from the aging process (Jorgensen, 1961). Presbycusis, hearing
loss due to aging, initially affects the higher frequencies (Schow & Nerbonne, 1996),
usually develops gradually, and progresses slowly (Katz, 1994). Schuknecht (1974)
discusses four types of presbycusis affecting the older population. Sensory presbycusis
develops when there is atrophy of the organ of Corti, which results in high frequency
hearing loss. Voiceless consonant sounds in particular are registered in the higher
frequencies (Maurer & Rupp, 1990), thereby possibly affecting how well an older adult is
able to monitor his/her own speech in this frequency range. It has also been found that
adult female voices pose more comprehension difficulties for the person with high-tone
loss than do voices of lower pitch (Maurer & Rupp, 1990). Neural presbycusis occurs
when there is loss of neurons in the cochlea, which leads to poor speech discrimination
abilities. Strial presbycusis occurs when there is atrophy of the stria vascularis in the
middle and apical turns of the cochlea. Consequently, there is a flat sensory hearing loss,
which negatively influences speech recognition ability. The final type of presbycusis is
cochlear conductive, which presents a sloping sensory loss with little degeneration of the
sensory or neural mechanism. These changes in the hearing mechanism that occur with
the advancement ofage may impact the speech of elderly adults, and therefore must be
taken into account when working with this population. Previous research has been vague
and inconsistent in defining and controlling for hearing loss in the elderly population.
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Cognition
Production ofnormal speech requires the integrity and integration of a number of
cognitive, neuromuscular, and musculoskeletal activities (Duffy, 1995). The impact of
aging on the central nervous system is of critical importance to all aspects of
communicative function (Schow, Christensen, Hutchinson, & Nerbonne, 1978). Loss of
brain weight (Brody, 1985~ Valenstein, 1981~ Kenney, 1989; Schow, Christensen,
Hutchinson, & Nerbonne, 1978), and reduction in the number of both central and
peripheral neurons (Kenney, 1989; Schow, Christensen, Hutchinson, & Nerbonne, 1978)
all occur with age. Neuronal loss (Cotman & Neeper, 1996) and progressive vascular
changes are also noted in normal aging (Valenstein, 1981). There is a reduction in
cortical areas due to broadening of sulci and a flattening ofthe gyri, and in some areas,
cell loss may be as great as 20% to 40% (Kenney, 1989).
Aging results in decreased cognitive functioning which causes a slowing in
mental processes and a decline in circuitry available in the nervous system (Kenney,
1989). Recognition and short-term memory appear to diminish beginning in middle age.
When there is a delay in short-term memory the difference between the younger and
older population becomes even greater (Kenney, 1989). Changes in neuromuscular and
cognitive functioning will impact many areas of speech production. The overall lengths
of speech segments are expected to be longer with increased numbers of pauses. Ptacek,
Sander, Maloney, & Jackson (1966) reported reduced lingual diadochokinetic rates in
geriatric subjects ages 66 to 93 due to reduced comprehension of the task. It is known
that older speakers add an abnormally large number of fillers to their utterances as well as
a disproportionately large number of repetitions in their oral speech (Harvey, 1990). The
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increased number offillers and repetitions appear to be related to a decrease in speaking
rate and word finding difficuhies (Harvey, 1990).
Elderly Speech Characteristics
An understanding of the effects of advancing age on speech characteristics is
important for those who serve th'e older populations (Liss, Weismer, & Rosenbek, 1990).
It is ,even more crmtical when a spe,ech-Ianguage pathologist works with elderly adults
who have experienced a stroke. Knowing what can be realistically expected of older
speakers, even those without any apparent physical limitations, is very important.
However, there is little information about what should be expected concerning consonant
and pause lengths in the elderly.
Smith, Wasowicz, & Preston (1987) found that the older adults consistently
produced longer sentence durations, syllable durations, and segment durations in their
speech than did the younger adult speakers. Several studies have shown that older
subjects produce longer vowel and consonant durations than young adults (Benjamin,
1982; Smith, Wasowicz, & Preston, 1987; Weismer & Fromm, 1983; Liss et aI, 1990;
Morris & Brown, 1987; Ptacek et ai, 1966). Morris & Brown (1994) reported that older
women exhibited significantly more variability in comparison to the younger women for
consonant duration. Brazeal (1997) found that fricative lengths in blended sounds
appeared to have the longest durational times for the 65-75 and 80+ year-old groups.
Such differences must be taken into account when attempting to determine whether a
speaker is functioning within normal limits.
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Several studies indicate that listeners perceive the speech ofolder adults as being
distinct from that of young and middle-aged adults (Hartman, 1979; Huntley, Hollien, &
Shipp, 1987; Shipp & Hollien, 1969; Ptacek & Sander, 1966). There appear to be several
primary characteristics that distinguish the young voice from the aged voice. Hartman &
Danhauer (1976) determined primary discriminators of speakers judged to be between SO
and 60 years of age; these characteristics consisted of hoarseness, low pitch, imprecise
articulation, breathiness, slow rate, and long pauses. In a study by Mysak and Hanley
(1959) the oldest group showed a marked increase in pitch sigma or variability, which
may be responsible for the often perceived quavering quality of the aged voice.
The findings regarding the slowing of speech rate from young adulthood through
the geriatric years appear to confirm that speech rate is vulnerable to the aging process
(Duchin & Mysak, 1987). From a physiological standpoint, this pattern of a general
reduction in time measures can possibly be viewed as a function ofa general slowing of
neuromuscular activity, resulting in the use of fewer words per minute and greater
durations of pause time (Mysak & Hanley, 1958).
The nature of phoneme lengths and pause durations will impact the overall
temporal parameters of utterances. As normal young adult speakers slow their rate, they
tend to lengthen vowels, consonants, and pauses somewhat systematically. When older
adults begin to exhibit a slowed rate, it is not clear how they accomplish that reduction.
Research would indicate that changes are not accomplished by the organized and
systematic reduction in vowels, consonants, and pauses that young mature adults use to
slow their rate (Brazeal, 1997; Harvey, 1990). Some pause lengthening appears to occur.
It also appears from those reports that certain sound combinations and pausal contexts
8
may be more vulnerable to age r,elated lengthening effects than others. However, little is
known about just which types of phoneme combinations may be most vulnerable and
which pausal contexts may be lengthened more than others.
It is critical to have a valid frame of reference with which to compare older
adults' speech. It is important to know which sound and pa!Usal combinations are most
affected so that communication-based therapeutic materials and intervention strategies
can be modified appropriately to account for such differences. A better understanding of
some of those implications will provide a clearer understanding of the precise nature of
the slowed utterances of elderly speakers.
The purpose of this investigation was to determine the magnitude of fricative,
blend, and selected pause durations in speakers in different levels of the elderly
maturational process. It was hypothesized that the two groups of elderly females would
produce fricative, blend, and pause lengths of increased duration when compared to the
young group offemale speakers. Results of such explorations might help provide a more
rational basis for speech-language pathology services in terms of expectation levels and





A total of 45 female subjects participated in this investigation. Subjects were
assigned by age to one ofthr,ee groups: Group] (18-25), Group II (65-75), or Group III
(80+). There were 15 subjects in Group] with a mean age of21.3 years, 15 subjects in
Group II with a mean age of 69.8 years, and 15 subjects in Group III with a mean age of
83.1 years.
Existing Database
Subjects for groups II and III were obtained from an existing database (Harris,
1996). Approximately forty subjects for the 65-75 year-old group and the 80+ year-oid
group were initially sought from community organizations in Stillwater, Oklahoma.
Females in the age range of 65-75 years and 80 years plus who were living independently
participated in a study conducted by Harris (1996). The subjects were normal speakers
who met the following criteria: demonstrated speech free of any observable disorder, had
no formal voice or speech training, and reported no previous or existing pathological
condition known to be associated with speech disorders. Subjects passed a hearing
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screening meeting the criterion of at pure tone three-frequency average (500, 1000, &
2000 Hz) of 45dB (ANSI, 1969) or better, in the better ear. Only those subjects passing a
hearing screening meeting the criterion of a pure tone three-frequency average (500,
1000, & 2000 Hz) of35dB or better, in the better ear were utilized for the present study.
Individuals fitted with amplification were included in this study but were not
administered the hearing screening (Harris, 1996; Brazeal, 1997). An interview was
conducted with each participant to gather information regarding selection criteria as weB
as information concerning educational level, residential setting, employment history,
current medications, and alcohol and tobacco use (Harris, 1996~ Brazeal, 1997). Four
subjects with monaural or binaural hearing aids were included in this study.
New Database
A control group of 15 subjects between the ages of 18-25 were selected from the
Oklahoma State University, and were the only new set of subjects to be studied, The
subjects were normal speakers who met the following criteria: each subject demonstrated
speech that was free of any observable disorder, had no formal voice or speech training,
and reported no previous or existing pathological condition known to be associated with
speech disorders. Subjects passed a hearing screening meeting the criterion of a pure
tone three-frequency average (500, 1000, & 2000 Hz) of 20dE (ANSI, 1969) or better, in
the better ear (see Appendix C). An interview was conducted with each participant to
gather information regarding selection criteria, current medications, and alcohol and
tobacco use (see Appendix B).
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Materials
The reading task was a large-type version of "The Farm Script" (Crystal & House,
1982) containing 313 monosyllabic words (see Appendix A). The oral readings were
recorded using a Nagra reel-to-reel tape recorder, a unidirectional microphone, and studio
quality tapes to record each subject's speech samples. The microphone was positioned
approximately 15 inches away from the subject. The recorded speech samples of the
"Farm Script" from all groups were displayed in 3 second segments at 2,500 Hz using a
Kay El,emetrics CSL 4300 spectrum analyzer.
Procedures
Subjects in Groups II & III were assessed either in their homes, the OSU Speech-
Language-Hearing Clinic or in a community center (Harris, 1996), while subjects in
Group I were assessed in the OSU Speech-Language Hearing Clinic. Prior to testing,
each subject was orally briefed about the purpose of the study and signed an informed
consent form approved by the Oklahoma State University Institutional Review Board.
Each subject was then assigned an alphanumeric reference number. Subjects were
assessed individually in a quiet environment free from as much extraneous noise as
possible. After the examiner completed the interview, subjects who did not have hearing
aids were administered a hearing screening using a GSI model 17 portable audiometer.
Hearing acuity of the subjects fitted with amplification was subjectively assessed during
one-on-one conversation with the examiner (Harris, 1996; Brazeal, 1997). All subjects
were judged to have hearing within functional limits (Harris, 1996; Brazeal, 1997).
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Each subject was asked to orally read the "Farm Script". Large print copies of
Crystal & House's (1982) "Farm Script" were provided to each subject. Each subject
was given the following oral instructions: "Read this passage silently and familiarize
yourself with the words. I cannot help you with any words.". After reviewing the
passage, subjects were then instmcted in the following manner: "When I say'go', read
the passage out loud at your normal speaking rate.".
Data Analysis
Wide band spectrograms were obtained from the recorded acoustic speech signal
and a variety of durations were measured from the spectrograms. The second, third,
sixth, tenth, eleventh, twelfth, and fifteenth sentences of the "Farm Script" were utilized
for analysis of the fricative lsi, the s-blend Istl, and two pauses (see Table I). The second
sentence in the passage contains the fricativ1e lsi in the word sun. Recording was started
at the beginning of each target sentence until the 3 second window of the spectrum
analyzer was filled. The same was done with the third sentence which contains the
fricative lsi in us. The sixth sentence in the passage contains the Istl blend in the word
stays, and the tenth sentence contains the Istl blend in stove, while the eleventh sentence
contains a final position Ist/ blend in the word most. The first pausal pattern to be
analyzed, which is indicated by a comma, is found in the twelfth sentence, "When served
hot, (pause) ham and beans ... ". The twelfth sentence also contains a final /st/ blend in
the word taste. The second pausal pattern, which is not indicated by a comma, is found
in the fifteenth sentence, " ... fresh milk with rich deep (pause) cream on top". The





Second sentence "The sun shone all day, ... " Fricative lsi
Third sentence " ... there to greet us... " Fricative /s/
Sixth sentence "The sky stays light. .. " Blend 1st!
Tenth sentence " ... had lit the stove ... " Blend 1st!
Eleventh sentence "with most of the food ... " Blend 1stI
Twelfth sentence "served hot, (pause) ham.." Pause
Twelfth sentence "ham and beans taste ... " Blend Ist/
Fifteenth sentence "rich deep (pause) cream.." Pause
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The lengths of the phonemes and pauses were compared across age groups using
four, two-way mixed-design analyses ofvariance. Three age groups made up three levels
of a between-groups factor. Comparison 1 was made between the fricative lsi in initial
and final positions in the words sun and us. The second association was made between
the blend Istl in initial and final positions in the words stays and taste. The third
comparison was made between the blend Ist/ in initial and final positions in the words
stove and most. The final comparison was made between the two pausal lengths, "deep
(pause) cream" and "hot, (pause) ham". An analysis ofvariance was conducted to
determine whether phoneme and pause lengths differed significantly with age.
Reliability
Interjudge reliability in determining phoneme and pause lengths for the oral
reading samples were determined. An independent observer, a graduate student in
speech-language pathology, repeated the analysis procedures for one eleventh of the
subjects. The Pearson product moment correlation coefficient was calculated using
independent observer and examiner measures. The Pearson product moment correlation
coeffici·ent was. 99 for phoneme and pause length durations during oral reading samples.
Intrajudge reliability was determined by the examiner re-evaluating one eleventh of the
subjects. Pearson product moment correlation coefficients were calculated with the
examiner's initial measurements. The Pearson product moment correlation was .916 for
phoneme and pause lengths during oral reading samples. Results ofboth inter- and intra-
judge measures indicated a high level of reliability for test measures.
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Independent samples t-tests were conducted between six subjects with hearing
levels above 30dB and six subjects with hearing levels below 30dB in order to determine
if hearing levels above 30dB affected scores on any ofthe dependent variables. No





Four, two-way mixed-design analyses ofvariance were conducted between the
fricative /sl in initial and final positions in the words sun and us, the /sl in the blend Istl in
initial and final positions in the words stays and taste, the /s/ in the blend /stl in initial and
final positions in the words stove and most, and the two pausallengths, "deep (pause)
cream" and "hot, (pause) ham."
The first comparison was made between initial position Is/ in sun and final
position lsi in us. Significant differences in fricative duration were found across age
groups, .E (1, 42) = 37.25, n< .02 and within age groups across fricative contexts, E(2,
42) = 15.49, n< .02. The interaction was also found to be significant,.E (2, 42) = 4.53, n
< .02 (see Table 2). A table of means for initial and final position /sl for each group is
contained in Table 3.
The next comparison was made between the initial position lsi in the Istl blend in
stays and later position /s/ in /st/ in taste. Significant differences were not found in the
main effects for context, Of age group (see Table 4). Means for initial and final position
/s/ in the /st/ blend for each group are included in Table 5 and Figure 1.
A third comparison was made between the initial position lsi in the Istl blend in
stove and the later position lsi in the Istl blend in most. Significant differences in blend
duration were found across age groups, E(1, 42) = 113.96, 11 < .02, in age group across
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Table 2
Analysis of Variance Source Table
Comparison 1 - Sun and Us
Source df SS MS E
Between Subjects
Group 2 2133.50 1066.75 15.49 0.000
Between Subjects Error 42 2891.94 68.86
Within Subjects
Condition 1 3083.54 3083.54 37.25 0.000
Group X Condition 2 749.36 374.68 4.53 0.017
Within Subjects Error 42 3476.79 82.78
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Critical value between groups = 9.22
Critical value within groups = 21.11
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Table 4
Analysis of Variance Source Table
Comparison 2 - Stays and Taste
Source df SS MS E
Between Subjects
Group 2 5.68 2.84 .03 0.968
Between Subj ects Error 42 3703.38 88.18
Within Subjects
Condition 1 271.79 271.79 2.86 0.098
Group X Condition 2 151.82 75.91 .80 0.456
Within Subjects Error 42 3988.95 94.98
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TabIe 5
Group Means and Standard Deviations (msec)
Stays and Taste
Age Groups
18-25 years 65-75 years 80+ years
Condition J II III
Stays
Mean 43.44 39.92 41.31
s. d. 7.45 9.47 10.53
range 30.80 - 61.60 25.60 - 61.20 30.40 - 61.60
Taste
Mean 43.36 45.97 45.76
s. d. 7.67 9.68 11.87
















Group I (18-25) Group III (65-75) Group HI (80+)
Age Groups
Figure 1. Mean durations for Stays and Taste for Groups I, II, and III
ofFemale Speakers
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contexts, E (2,42) = 10.31, 12 < .02 and for the interaction, E (2,42) = 7.22, 12 < .02 (see
Table 6). Means for the initial and final position lsi in the 1st! blend are provided in Table
7.
The final comparison was made between the durations of the pause following
deep and the pause following hot. Significant differences in pause duration were found
across age groups, E(1, 42) = 6.27, Q < .02. However, there were no significant
differences across the two different durations and there were no significant interactions
(see Table 8). The comparison between the pausal patterns showed that the pause
following hot was shorter in duration than the pause following deep. A table of means
for the two pauses are provided in Table 9.
Additional statistical analyses were completed to determine where significant
differences occurred. Tukey HSD follow-up comparisons of the durations of lsi in sun
and us revealed no statistical differences between groups for the fricative lsi in initial
position but did reveal significant differences between groups I and III, and II and III for
lsi in fina] position. Mean durations for sun and us across age groups are presented in
Figure 2.
Tukey comparisons for stays and taste revealed no significant differences between
groups as indicated by previous ANOVA results. Follow-up comparisons between stove
and most revealed that the oldest group of speakers (Group III) had significantly longer
lsi blend durations in the word stove than the two younger groups of speakers. There
were no differences in duration for the /sl in the /stl blend in the word most. Mean
durations for stove and most across age groups are shown in Figure 3.
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Table 6
Analysis ofVariance Source Table
Comparison 3 -Stove and Most
Source df SS MS E
Between Subjects
Group 2 992.56 496.28 10.32 0.000
Betwe,en Subjects Error 42 2020.63 48.11
Within Subjects
Condition 1 6071.30 6071.30 113.97 0.000
Group X Condition 2 769.32 384.66 7.22 0.002
Within Subjects Error 42 2237.46 53.27
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Critical value between groups = 25.11
Critical value within groups = 7.21
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Table 8
Analysis of Variance Source Table
Comparison 4 - Deep (pause) Cream and Hot, (pause) Ham
Source df SS MS E
Between Subjects
Group 2 149829.90 74914.93 3.58 0.037
Between Subjects Error 42 878921.50 20926.70
Within Subjects
Condition 1 65761.29 65761.29 6.27 0.016
Group X Condition 2 47864.16 23932.08 2.28 0.115
Within Subjects Error 42 440285.90 10483.00
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Table 9
Group Means and Standard Deviations (msec)
Deep (pause) Cream and Hot, (pause) Ham
Age Groups
18-25 years 65-75 years 80+ years
Condition I II III
Deep (Pause) Cream
Mean 99.65 153.60 253.65
s. d. 74.47 110.92 223.78
range 35.60 - 312.40 36.00 - 332.80 20.40 - 624.80
Hot, (Pause) Ham
Mean 93.20 114.35 137.17
s. d. 22.76 31.07 157.54
range 56.40 - 133.20 66.40 - 169.20 30.80 - 691.20
27
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Group I (18-25) Group II (65-75)
Age Groups
Group III (80+)




The durations of the pauses following hot and deep were significantly different in
the initial analysis. The absence of any age main effect and any significant interaction
would indicate that the same pattern ofdifference was present across age groups.
Follow-up comparisons revealed significant differences between Groups I and III for the
variable hot. Mean durations for hot and deep are provided in Figure 4. The pauses

















Group I (1 ~25) Group II (65-75) Group III (80+)
Age G'lroups
Figure 4. Mean durations for Deep (Pause) Cream and Hot, (Pause) Ham




The purpose of this investigation was to determine and compare the magnitude of
certain fricative, blend, and pause durations in speakers across two groups of older adutt
females (65-75 and 80+) and one group of young adult females (18-25). Subjects were
asked to read the "Farm Script". The oral readings were recorded using a Nagra reel-to-
reel tape recorder. Fricative and pause durations were then determined.
The present study contrasted the durations of the /s/ fricative sounds across
speakers in different age groups in an effort to determine if any fricative combinations
took significantly longer for older speakers to produce. The comparison of the durations
of the /s/ fricative in the words sun and us revealed significant age and fricative position
differences. A significant age x position interaction also indicated that the initial and
final durational patterns varied depending upon the ages of the groups of speakers.
All the groups produced the /s/ in the initial position in a shorter time than the one
in the final position. However, follow-up Tukey tests comparing the initial and final
position /s/ durations across all the groups revealed some additional insight. The two
younger groups tended to make their initial position sounds somewhat shorter than the
final position /s/ sounds. The oldest group followed that same trend, but the final
position sounds were significantly larger than the initial position phoneme. The initial
32
position sound is produced following a neut.ral position vowel (e. g. "The sun ... ") which
did not appear to be difficult for the older speakers to produce. There is only a modest
amount of articulatory adjustment necessary, possibly causing the speed with which the
/s/ was produced to be shorter in duration than the final position lsi in us.
A comparison of both initial and final durations for each age group indicated that
the two younger groups' initial position sounds had similar durations. The older groups'
initial fricative durations were significantly longer than those for either ofthe younger
groups. Both younger groups produced their final position fricative with about the same
durations. However, the oldest group made their final phonemes significantly longer than
either of the younger groups. The increase in consonant duration of the elderly speakers
could be a result of atrophy of the articulatory musculature (Honjo & Isshiki, 1980)
and/or slowed neuromotor timing (Kahane, ]981) due to the aging process.
The early sounds in a phrase tend to be shorter than those in the later positions. In
this particular instance the /sl in us is right at the end of the phrase and phrase-final
lengthening appears to become a major influence. Apparently the oldest group adds a
considerably larger amount of phrase-final lengthening than the younger groups. The
precise reason for that is not clear. The process of phrase-final lengthening in older
adults is rdatively undefined. Little is known about how older speakers execute the
phrase-final lengthening process.
The findings in the present study appear to be in contrast to Brazeal (1997) and
Morris and Brown (1987). Brazeal (1997) found that the lsi in the word box was shorter
than that for the /sl in spoon. But, the obvious differences in the context of the fricatives
and their phrasal positions (e.g. The box is red and He took a spoon and a knife.) make
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appropriate comparisons with the present data virtually invalid. Morris and Brown
(1987) reported that consonants in the initial position were longer than those in the final
position. That report used carrier phrases as the stimulus material. The impact of that
type stimulus on durations as opposed to the present oral reading sample also makes
accurate comparisons with those results at best, very tenuous.
It was believed that the two older groups of fema~eswould produce blends of
increased duration when compared to the young group of female sp,eakers. In
comparison 2 (stays, taste) no main effect differences were found. These comparisons
showed that all three groups produced the lsi in the 1st! blend in stays and taste with
similar durations. The similarity in durations between stays and taste may be due to the
neutral, non-rounded vowel utilized in both words.
The third comparison contrasted the duration of the lsi in the Istl blend across
speakers in each age group to determine whether the initial or later position lsi in the Istl
blend appeared more vulnerable to the aging process. The comparison of the lsi in the
words stove and most indicated significant age and blend position differences. A
significant age x position interaction also indicated that the initial and final durational
patterns varied depending upon the ages of the groups of speakers.
All the groups produced the lsi in the Istl blend in the later position in a shorter
duration than the blend in initial position. Further analysis of the initial and later position
lsi durations across aU groups provided additional information. The two younger groups
of speakers made their later position sounds somewhat shorter than the initial position lsi
sound. The oldest group revealed simaar findings but with larger differences between the










may have influenced the duration oftbe lsi blend, causing it to be shorter in duration than
the initial position blend. The final blend combination appears to be made with similar
speeds by all ages of speakers.
These findings were similar to those for final position lsi in us. The differences
appear to occur between Groups I and III and Groups n and III, but none shown between
Groups I and II as would have been expected. That would indicate that lsi in the /st/
blend remains somewhat stable from age 25 to 65, with more significant increases in
duration occurring between the two older groups of female speakers. The lsi blend in
stove seems to be a more difficult articulatory sequence for the older groups of speakers
to perform. The lsi in stove is a non-rounded, lip-open sequence while the /0/ is a lip-
rounded sequence. The older speakers may hold the /st/ blend while preparing to round
the lips for production of /0/. This slower process of lip-rounding may impact the
duration of the /st/ blend.
The two pauses were compared across speakers in different age groups in an
effort to determine which pausal patterns are most affected as speakers move through the
aging process. While there were significant differences in the average lengths of the two
pauses, there were no significant age differences. The comparisons revealed no
significant age x position interaction for the two pauses.
Comparisons of the pausal durations across age groups revealed that all three
groups produced the pause foHowing hot with a shorter duration than used to produce the
pause following deep. An increase in duration was seen across age groups for both
pausal patterns, however, significance was only found for the pause following hot. The
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oldest group of speakers had significantly longer pausal durations after hot than either of
the younger groups.
An extremely large variability was seen for both of the pausal durations within all
three age groups of female speakers. That variability may have obscured any real age-
related pausal durations. A review of the variances across age groups indicates a rather
clear pattern of increase as the age of the speakers increase.
Changes in cognitive functioning may impact various areas of speech production,
resulting in longer speech segments and an increased number of pauses. Word finding
difficulties could have been a factor for some, which may have caused an increase in the
pausal durations as compared to others within the group.
Another factor to be examined is the use of repetition versus reading. Many
studies have utilized sentences or carrier phrases to analyze duration ofconsonants and
vowels (Kent & Forner, 1980; Morris & Brown, 1987; Liss, et aI, 1990; Smith,
Wasowicz, & Preston, 1987). Liss et al (1990) simultaneously presented a spoken model
of the sentence and corresponding written stimuli to assure the task was understood and
the subject was familiar with the sentence.
That method was chosen in part because subjects had some degree of hearing loss
and visual impairment. Hearing loss and visual impairment are additional factors that
need to be considered when older subjects are being utilized. The subjects in the current
study were not given a vision screening while hearing was screened. Although a large
type version of the "Farm Script" was utilized by the subjects in the present study, vision
might stiB have influenced the rate at which the passage was read by the two older groups
of speakers. Repetition of sentences and/or phrases might be beneficial in that the
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speakers do not have to read, thereby eliminating visual difficulties. However, repetition
of sentences may have an impact on the subject's performance if any degree of hearing
loss is present. In the current study, comparisons were made between subjects with
hearing levels above 30dB and those with hearing levels below 30dE. No significant
differences wer,e found between these two groups. The examiner's rate of speech could
also influence the rate at which the subjects repeat the sentences. Although all methods
have some bias, it is important to use methods consistent across studies to ensure that
proper comparisons can be made.
The p,articular passage utilized may have impacted the lengths of durattons as
well. The "Farm Script" is a monosyllabic passage, which may prove more difficult for
readers. Future research may want to utilize a passage that uses polysyllabic words as
opposed to one containing only monosyllabic words.
Because significant statistical differences were not found between Groups I and
II, but statistical differences were found between Groups I and III, and Groups II and III,
this provides evidence that a decrease in the rate of execution of articulation does occur
with increasing age. However, those execution rates vary among different contexts and
structures. It also appears that even diffi·cult /s/ blend structures may be produced by all
the groups with equal speed and agility. It appears that other combinations, especially
those requiring large articulation movements and adjustments, may negatively impact
older speakers articulatory speed and accuracy.
The data presented shows that further investigation of blends, fricatives, and
additional pausal durations need to be pursued. It remains unclear what effect pausal
durations have on the speech of elderly speakers. However, there is an indication that the
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speech of elderly females is affected by the particular sequences being used. In
particular, blends seem to be difficult for the aging articulators of older groups of
speakers (Groups II and Ill).
In conclusion, the present study indicated no significant differences for initial
position /s/ in sun across age groups, however, an increase in duration was seen for final
position /s/ in us between Groups II and III, and Groups I and III. Although the initial
position /sl in the Istl blend in stove revealed significant differences between Groups II
and III, and Groups I and III, no significant statistical differences were found for the final
position lsi in the 1st! blend in most or for initial and final position /sl in the Istl blends in
stays and taste. Finally, no statistical differences were found for the pause following
deep, however significant differences were found between Groups I and III for the pause
length following hot.
The present study suggests that further investigation in these and other areas are
merited. This investigation has supplemented the current normative database concerning
durational characteristics in the elderly population. However, there is still a need for
additional research on the effects ofaging on the communication of the elderly
population. Continuing research concerning the aging population should provide speech-
language pathologists with additional information with which to compare normal aging
speech production to disordered speech production.
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John and I went to the farm in June. The sun shone all day, and wind waved the grass in
wide fields that ran by the road. Most birds had left on their trek south, but old friends
were there to greet us. Piles of wood had been stacked by the door, left there by the man
who lives twelve miles down the road. The stove would not last till dawn on what he had
cut, so I went and chopped more till the sun set. The sky stays light quite late as far north
as that, but I knew it would be a cold night. The car seat was piled high with stuff, but it
would have to stay there for the night. It was too far to go to take it all out now. Food
was the next thing. John had lit the stove, so I cooked up some ham and beans, which
was what was in the cans that I could reach with least work. My box with most of the
food was deep in the car and it was too dark now to dig my way down to it. When served
hot, ham and beans taste quite good if it's been a long time since you last ate. We had
some bread, of a sort that you find in small stores far from the towns, where the new
ways to make bread, and the new types of flour have not yet reached. We had passed
such a place on the road, and had stocked up with things that can't be bought in town.
Things like home baked bread; and real cheese made from cow's milk; jam with real fruit
in it; and fresh milk with rich d,eep cream on top. We shall not have a chance to buy
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GROUP I (18-25 YEARS)
51
Individual Subject Scores for Phoneme and Pause Lengths
Group I (18-25 years)
Age Subject Sun Us Stays Taste Stove Most Deep Hot,
Number (Pause) (Pause)
Cream Ham
20 10 30.80 46.00 41.20 36.00 46.00 25.60 35.60 71.60
21 25 20.80 46.00 46.40 40.80 46.00 38.00 66.40 56.40
21 30 30.40 36.00 41.20 46.00 36.00 30.80 82.00 117.60
22 35 46.00 40.80 61.60 25.60 51.20 25.60 51.20 71.60
22 45 40.80 40.80 36.00 36.00 35.60 51.20 56.40 66.40
21 50 30.80 30.80 46.00 46.00 51.20 20.40 35.60 92.40
22 60 30.80 56.40 51.20 35.60 40.80 30.80 158.80 92.40
21 80 46.40 35.60 36.00 36.00 61.60 25.60 92.00 82.00
22 90 46.00 40.80 40.80 51.20 61.60 30.80 128.00 82.00
19 95 36.00 46.00 46.00 46.00 40.80 25.60 61.60 133.20
22 100 36.00 56.40 51.20 46.00 15.20 20.40 184.40 133.20
21 105 35.60 41.20 41.20 56.40 51.20 30.40 56.40 97.20
19 110 30.80 46.00 41.20 41.20 46.00 25.60 46.00 102.40
23 II5 36.00 41.20 40 .. 80 46.00 41.20 25.60 128.00 102.40




GROUP II (65-75 YEARS)
53
Individual Subject Scores for Phoneme and Pause Lengths
Group II (65-75 years)
Age Subject Sun Us Stays Taste Stove Most Deep Hot,
Number (Pause) (Pause)
Cream Ham
72 7204 30.40 30.80 35.60 51.20 40.80 25.60 317.60 66.40
66 6606 20.80 36.00 30.80 51.20 30.40 25.60 132.80 112.40
74 7416 30.80 46.00 61.20 56.40 30.80 25.60 56.40 87.20
69 6917 46.00 40.80 51.20 46.00 41.20 36.00 317.20 72.00
69 6918 40.80 46.00 35.60 46.00 36.00 35.60 92.00 153.60
68 6822 30.80 40.80 46.00 40.80 46.00 25.60 61.60 122,80
71 7123 35.60 51.20 41.20 40.80 40.80 30.40 40.80 87,20
70 7012 25.60 40.80 40.80 61.20 46.40 25.60 102.40 133,20
67 6715 46.40 40.80 40.80 40.80 51.20 25.60 66.40 92.00
72 7219 35.60 30.80 30.80 40.80 35.60 30.80 332.80 118.00
66 6620 46.00 51.20 51.20 25.60 46.00 30.80 36.00 122.80
75 7510 30.80 51.20 25.60 61.20 35.60 40.80 164.00 92.00
70 7013 41.20 40.80 36.00 51.20 40.80 25.60 164.00 169.20
73 7338 36.00 56.00 41.20 40.80 36.00 30.80 312.40 153.60




GROUP III (80+ YEARS)
55
----------------
Individual Subject Scores for Phoneme and Pause Lengths
Group III (80+ years)
Age Subject Sun Us Stays Taste Stove Most Deep Hot,
Number (pause) (pause)
Cream Ham
80 8005 51.20 66.40 51.20 30.80 56.40 40.80 71.60 76.80
83 8330 40.80 36.00 56.40 51.20 51.20 25.60 378.80 112.40
84 8431 46.40 56.40 30.40 46.00 56.00 30.80 46.00 117.60
80 8007 40.80 51.20 30.80 20.40 51.20 30.40 97.60 97.20
81 8109 30.40 56.40 30.80 51.20 46.00 25.60 41.20 40.80
81 8124 40.80 51.20 36.00 51.20 56.00 30.80 266.40 86.80
86 8611 30.80 66.40 36.00 61.60 51.20 30.80 624.80 61.60
86 8637 46..00 51.20 30.80 30.80 56.40 30.80 583.60 143.20
86 8603 30.80 56.40 30.80 46.00 51.20 30.80 30.80 102.40
83 8325 25.60 76.80 61.60 51.20 51.20 40.80 588.80 691.20
82 8227 30.80 66.40 51.20 36.00 71.60 30.40 20.40 30.80
80 8026 36.00 61.60 35.60 40.80 61.20 30.80 256.00 158.80
81 8132 71.60 61.60 46.00 56.40 56.00 25.60 384.00 82.00
82 8234 35.60 56.40 46.00 61.60 51.20 30.80 41.20 143.60
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